To determine whether elderly patients with protein-energy undernutrition at admission are at increased risk for subsequent life-threatening events after controlling for illness severity.
S everal observational studies of elderly hospitalized patients have identified strong correlations between specific clinical markers of protein-energy nutritional status and the risk of subsequent in-hospital morbid events. 1±5 The correlations have been strongest for the serum secretory proteins and cholesterol, weight loss, and indices of body composition. 1±5 When overweight individuals are excluded from the analyses, the relationships are linear: the more severe the protein and energy deficits (as defined by the putative nutritional parameters), the greater the risk of subsequent morbidity.
1±5
These observational studies suggest that proteinenergy undernutrition (PEU) is an important, potentially modifiable risk factor for poor clinical outcomes among the hospitalized elderly. However, direct evidence from appropriately designed nutrition intervention studies is lacking. In fact, as several recent reviews have pointed out, 6 ± 9 there is little convincing evidence that any form of nutrition intervention significantly reduces the risk of in-hospital morbidity in any age group of patients. The few studies that specifically targeted the elderly have yielded inconsistent results. 10 ± 14 The reason for the apparent discrepancy between the findings from the observational studies and intervention trials is not readily apparent. For some elderly patients, undernutrition (or an abnormal putative nutrition indicator) may be simply a marker for illness severity, nutritional deficits may not be easily reversed within the short time frame of hospitalization, or factors other than undernutrition may be more powerful determinants of short-term in-hospital outcomes. In addition, nutritional support may be beneficial for only select subgroups of elderly patients who do not have such powerful competing risks. Given the expense, patient discomfort, and morbidity associated with the use of various forms of nutrition support, 15, 16 it is important to distinguish those patients that should be targeted for nutrient interventions.
To investigate the interrelationship between nutritional status, illness severity, and clinical outcomes, we conducted a prospective study of nonterminally ill elderly patients admitted to an acute care hospital. The specific objective was to determine whether elderly patients who are protein-energy undernourished at admission are at increased risk for subsequent life-threatening adverse clinical events during hospitalization and whether the association between PEU and risk remains significant after controlling for diagnoses, functional status, and other indicators of illness severity.
METHODS Participants
During a 3-year interval, all geriatric admissions to a general medical or surgical ward of a university-affiliated Department of Veterans Affairs Hospital were screened to determine study eligibility. Screening took place within 12 hours of admission and consisted of a complete review of the patient's current and past medical records. All patients admitted to these wards who were 65 years of age or older and free of metastatic cancer or other terminal conditions (as indicated by palliative care status) were assigned a random number. To keep study admissions in the targeted range of 3 to 4 patients per week, only patients that were assigned a random number below a preestablished cut-off were asked to enter the study. Of the 722 patients selected for study entry, 31 declined to participate. Each of the remaining 691 participants received oral and written explanations of the nature of the study and the possible risk involved prior to signing an informed consent in accordance with the ethical standards of the U.S. Department of Veterans Affairs and the Human Research Advisory Committee of the University of Arkansas for Medical Sciences. To eliminate patients with inadequate risk exposure (see definition of complication below), the 105 patients whose lengths of stay were less than 3 days were dropped from the analysis, leaving a final study sample of 586 patients.
In-hospital Evaluation
An initial assessment was completed within 48 hours of admission that included: 1) a concise social, nutritional, and functional status history obtained by a standardized series of questionnaires administered by a research assistant to each patient or the primary caregiver (if the patient was unable to answer); 2) a complete list of all primary and secondary diagnoses as recorded in the current hospital chart and old medical records; 3) a complete clinical and laboratory nutritional assessment; 4) the Mini-Mental State Exam 17 ; 5) a detailed evaluation of functional status; and 6) an array of additional illness severity measures including hematocrit, white blood cell count, blood urea nitrogen, total APACHE score, 18 calculated diagnosis-related group length of stay, and the Charlson Weighted Index of Comorbidity. 19 The variables obtained from all assessments were chosen on the basis of their ease of measurement and the results of previous studies that demonstrated their predictive importance in elderly populations.
± 26
The nutritional assessment included weight change in the prior year, suprailiac skinfold thickness, body mass index (BMI), mid-arm circumference, and serum albumin, prealbumin, and cholesterol concentrations. Previous hospital and clinic records were reviewed to document prior weights. Only weights obtained while the patient appeared to be euvolemic were recorded. Patients were not considered to be reliable sources of information regarding their own weight history. Anthropometric measurements were obtained by trained research assistants using a standardized protocol. 27 All blood work was obtained at admission.
Functional status was assessed using the Katz Index of Activities of Daily Living (ADL) scale, 28 the Philadelphia Geriatric Center Instrumental ADL Scale, 29 and a measure of walking endurance. The Katz ADL scale measures the level of functional independence in 6 categories: bathing, dressing, toileting, transfers, continence, and feeding. 28 Each category was scored on a 3-level scale with each item assigned points according to a defined decision rule (0 = independent, 1 = human help, 2 = totally dependent). Total score, obtained by adding the 6 categories, ranged from 0 (independent) to 12 (totally dependent). Because of the ceiling effect of the Katz ADL scale in the study population, a measure of walking endurance was included as part of the functional assessment. Walking endurance was an untimed assessment of the distance a subject could walk indoors with scores ranging from 0 (walks >50 yards) to 8 (unable to walk at least 3 feet).
Monitoring the Frequency of In-hospital Life-threatening Complications
On a daily basis subsequent to their admission and while they were still hospitalized, each patient's chart was reviewed and the ward team in charge of his care was interviewed to determine whether the patient developed any life-threatening complications. Patients were examined as needed to confirm or clarify data obtained from charts. Only problems that developed after the second day of hospitalization were considered complications. The initial screening of charts was completed each day by a study nurse. Any possible complications were reviewed by a physician-investigator (DHS). The reviewer was not aware of the nutrition data collected by the study. However, some nutrition data were occasionally presented in the clinicians' notes.
To avoid subjective observer bias, each postadmission complication was defined before the start of the study using rigid objective criteria developed in a previous outcome study. 30 The definitions of those complications that were identified during this study are listed in Appendix A. Utilizing a method devised by Buzby et al., 31 a problem was defined as life-threatening on the basis of clinical criteria including a dramatic deterioration in the patient's clinical status and the need for immediate intervention, or the transfer to an intensive care unit for monitoring and treatment of a myocardial infarction. In a prior study, the instrument was found to have construct-and criterionrelated validity. 32 On the basis of a random sample of over 450 patients admitted to a geriatric rehabilitation service, 72% of the patients classified as having a life-threatening complication eventually died prior to leaving the hospital. The survivors had longer lengths of hospitalizations (acute plus subacute days) compared to the subjects that did not experience a life-threatening complication (100 vs 34 days; P < .005).
Statistical Analyses
For all analyses, the outcome variable was dichotomized (i.e., no vs 1 or more life-threatening complications). The relationship between the database variables (as independent variables) and the dichotomized outcome variable (as the dependent variable) was then analyzed using both univariate and multivariable (logistic regression) statistical techniques. There was little missing data (<1%). There was no difference in any of the analyses whether we imputed the values or left them as missing.
The first group of analyses examined the strength of the relationship between each database (nutrition and nonnutrition) variable and the dichotomized outcome variable using univariate statistics (i.e., Student's t test for comparing means and the c 2 test for categorical parameters).
Parameters that were highly skewed were appropriately transformed (e.g., log-transformed).
There is no uniformly agreed upon definition of PEU. As advocated by others, we considered the putative nutrition assessment variables to be indicators of nutrition risk. For each of these variables, values were initially categorized as signifying a high, medium, or low nutrition risk. This was done by creating 2 dummy variables for each of the nutrition variables, the first to indicate whether the measured value signified a high nutrition risk, and the second to indicate medium risk. Since appropriate population norms were not available for the anthropometric measurements, suprailiac skinfold thickness and a midarm circumference were categorized by study population tertiles. The risk categories for the other nutrition variables were based on prior studies. 33, 34 The subsequent univariate analyses indicated that this classification scheme could be simplified. Other than for the anthropometric measures, each nutrition assessment variable could be dichotomized (i.e., we used only 1 dummy variable). Combining the lowand medium-risk categories of the variable did not result in any loss of the variable's discriminating power. The cutoff points used to define each nutrition risk category for each variable are presented in the results section.
Diagnoses were analyzed from 2 perspectivesÐeither as the presence or absence of an active problem in any of 22 different diagnostic categories or as the number of highrisk chronic debilitating diseases (from 0 to 7) from the following categories: congestive heart failure, non ± insulindependent diabetes mellitus, cerebral vascular accident, dementia (Alzheimer's or multi-infarct), Parkinson's, chronic obstructive pulmonary disease, and end stage renal failure. Because of the number of non-nutrition variables included in the database, only those showing a significant association with the outcome (P < .05) were entered into the multivariable analyses. The non-nutrition variables were utilized in these analyses as indicators of illness severity.
Because the period of time at risk due to the length of stay was not the same for all study patients, it was possible that the variability in the risk of developing a complication could be partially or fully attributed to the variance in the length of time under observation. To exclude this possibility, it was important to determine whether the``period of time at risk'' was greater for the patients who developed at least 1 life-threatening complication compared to those who had none. To make this assessment, if the patient had a life-threatening complication,``period of time at risk'' was set equal to the time from hospital admission until the first complication. For patients who did not develop a complication,``period of time at risk'' was set equal to the time from admission until hospital discharge. The``period of time at risk'' was compared for the complication group and the no-complication group.
Multivariable Analyses
To determine if any putative nutrition variables remained significantly associated with the outcome after controlling for illness severity at admission, a series of multivariable analyses were performed. The non-nutrition variables utilized to control for illness severity in the multivariable analyses were identified first. Initially, only the preselected non-nutrition variables were included in a logistic regression analysis. A stepwise procedure was utilized to determine which variables entered the model. A second analysis was then performed that included all of the preselected variables (i.e., both the preselected nonnutrition and nutrition variables). Any non-nutrition variable that entered into either model was retained for use in subsequent analyses as an illness severity indicator. To assess whether the inclusion of the nutrition variables resulted in an improvement in predictive accuracy, the overall c-statistic from each model was compared.
Since nutrition variables are often highly intercorrelated, it was anticipated that they would compete with each other for entry into a multivariable model. For this reason, we felt that it was important to conduct an additional series of analyses in which each nutrition variable was analyzed separately from the others. For each nutrition variable, multiple analyses were run. Each analysis included different illness severity indicator variables as covariates in the model. The purpose of these analyses was to determine the extent to which the illness severity variables confounded the association between the given nutrition variable and the outcome.
RESULTS

Population Characteristics
A general description of the study population is provided in Table 1 . The active problems (i.e., clinical diagnoses) that were most prevalent within the study population at the time of admission are listed in Table 2 . As shown, the majority of the subjects were very frail white males with multiple comorbid conditions. A majority (64%) had been hospitalized at least once in the previous 2 years (median of 1 prior hospital admissions, interquartile range 0 to3), and 74% had at least 1 high-risk chronic debilitating disease (as defined above).
Subsequent to admission, 37 subjects (6.3%) experienced at least 1 life-threatening complication. The frequency with which each complication developed and the associated outcomes are listed in Table 3 . As indicated, 15 of the subjects (41%) who developed a life-threatening complication eventually died or suffered a cardiac arrest.
Predictors of a Life-threatening Complication
As shown in Table 4 , all of the putative nutrition variables were highly associated with life-threatening complication risk by univariate analysis. The non-nutrition admission assessment variables that were associated with life-threatening complication risk are shown in Table 5 . Age, gender, education, hemoglobin, white blood cell count, pre-admission Katz Index of ADL score, history of alcohol abuse, marital status, tobacco use, Mini Mental State Exam score, admitted from nursing home, and race were not significantly associated with the outcome.
Period of Time at Risk
The period of time at risk (i.e., the time from admission to first event [complication or discharge]) was not significantly greater for the group that developed complications compared to the subjects who experienced no complications (median [interquartile range], 7 [4 to 13] vs 7 [4 to 11] days, respectively; P = .96). That is to say, subjects who developed 1 or more life-threatening complications experienced their first complication a median of 7 days after admission. Subjects who never developed a complication remained in the hospital,``at risk'' for a median of 7 days after admission. In contrast, the median length of stay of the complication group was much longer than that of the remaining subjects (median [interquartile range], 16 [11 to 36] vs 7 [4 to 11] days, respectively; P < .001).
Multivariable Models
When all 20 non-nutrition variables were entered into a stepwise logistic regression analysis, the best predictor of which patients would subsequently develop at least 1 lifethreatening in-hospital complication was the APACHE II score followed by the number of active problems at admission, diagnosis of Parkinson's disease, diagnosis of insulin-requiring diabetes, and admitted emergently (as opposed to urgent or elective admission). When all 5 of these variables were included in the logistic regression analysis, the final model was highly significant by the À2Log Likelihood c 2 goodness-of-fit criterion (c 2 of 54.2 with 5 df; P < .001). The model c-statistic was 0.801. When all of the pre-selected variables (i.e., both the non-nutrition and nutrition variables from Tables 4 and 5 , respectively) were entered into a stepwise logistic regression analysis, the results were very similar. The first variable to enter the model was the APACHE II score. The only nutrition variable to enter the model, lowest tertile CHF, congestive heart failure with pulmonary edema.
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mid-arm circumference (<286 mm), came in second followed by the number of active problems at admission, diagnosis of insulin-requiring diabetes, admitted emergently, and admitted to a surgical ward. When these 6 variables were included in the logistic regression analysis, the final model was highly significant by the À2Log Likelihood c 2 goodness-of-fit criterion (c 2 of 70.8 with 6 df; P < .001). The model c-statistic was 0.836. There were statistically significant associations between all of the nutrition and illness severity variables examined (P < .01 for each comparison). However, the nutrition variables differed from one another as to whether they were strong independent predictors of a life-threatening complication. This is demonstrated in Table 6 . After controlling for 1 or more of the illness severity indicators, the serum secretory proteins and cholesterol were no longer significantly associated with the outcome. The relationship between each of the remaining 4 nutrition indicators and the outcome also changed after controlling for the non-nutrition health status indicators. However, these 4 nutrition indicators, BMI, mid-arm circumference, suprailiac skinfold thickness, and significant weight loss, remained strongly associated with the outcome.
DISCUSSION
Consistent with prior studies, this investigation demonstrates that there is a strong association between specific putative markers of protein-energy nutritional status and the risk of subsequent life-threatening adverse events in the targeted population of nonterminally ill hospitalized elderly patients. This indicates that undernourished elderly patients are at increased risk of adverse outcomes. It remains uncertain as to whether the nutritional deficits can be corrected or outcomes improved through any form of nutritional therapies. The failure of prior intervention studies to demonstrate that nutrition support improves clinical outcomes suggests that the course of certain diseases may not be strongly influenced by the patient's nutrient intake. 6 ± 9 Loss of appetite and PEU may develop as a consequence of the disease. The severity of the nutritional deficits may be significant only as a marker of illness severity. However, this study provides evidence to suggest that there may be alternate explanations as to why nutrition intervention trials have generally not shown beneficial results. In addition to the nutritional markers, many nonnutritional markers of health status were identified to be powerful risk indicators. When both the nutritional and non-nutritional variables were included in the multivariable analysis, mid-arm circumference was the only nutrition variable to enter the model. BMI, suprailiac skinfold thickness, and greater than 5% weight loss in 6 months were comparable substitutes for mid-arm circumference. These 4 variables are all measures of body composition. Low values generally reflect chronic states of nutritional deprivation that include a depletion of energy reserves and/or lean body mass. To reduce the risk of nutrition-related 3 (2 to 4) 2 (1 to 3) <.001 Admitted to surgical service, n (%) 11 (29.7) 258 (47) .041
* As described in the text, Katz Index of Activities of Daily Living (ADL) scale ranges from 0 (completely independent in bathing, dressing, toileting, transfers, continence, and feeding) to 12 (totally dependent in all categories). y Highest level of function within the 30 days prior to admission as determined by questionnaire using either the Katz Index of ADL scale 28 or the Philadelphia Geriatric Center Instrumental ADL Scale. complications in this patient population, it is likely that strategies will need to be developed that will correct these deficits. Undernourished, frail elderly patients are sometimes able to slowly replete their energy stores. 35 However, it may take several months or longer even with an optimal energy intake. If volitional nutrient intake is not adequate, supplemental feedings or other strategies to improve caloric intake would need to be implemented on a longterm basis. But even this may not be enough to improve clinical outcomes. Any lean body mass deficits and associated functional deficits would probably also need to be corrected. Increasing total protein and caloric intake does not necessarily lead to a change in lean body mass or an improvement in functional status. 36 ± 38 To correct these deficits, long-term, multi-modality interventions are probably needed. This may be one reason why nutrition intervention trials have not been successful in improving outcomes. Nearly all of these trials examined only shortterm unimodality interventions. Studies are needed to determine whether combining nutrition support with other treatment modalities improves therapeutic effectiveness. The combined treatment programs might include muscle strengthening exercises and/or the use of anabolic hormones. Unlike the indices of body composition, serum albumin, prealbumin, and cholesterol were not powerful independent predictors of life-threatening complications in this study. After adjusting for the non-nutritional health status indicators, none of these 3 variables remained significantly associated with the outcome. Although frequently used as nutrition indicators, these parameters are not specific for nutritional deprivation. A number of other conditions, particularly inflammatory disorders, can produce a decline in all three. 39 Serum albumin and cholesterol also lack sensitivity as nutrition indicators. Their values may not change even after several weeks of starvation in an otherwise healthy individual. 40, 41 For these reasons, there is considerable controversy as to whether these 2 variables should be used as indicators of nutritional status. 39 They may be better thought of as nonspecific indicators of health status or illness severity.
The need for nutritional support should not be based on the serum albumin or cholesterol values. The finding that prealbumin is not a independent risk indicator is consistent with prior studies. 39 In contrast to albumin and cholesterol, the serum prealbumin concentration is very sensitive to changes in both nutrient intake and disease activity. The serum concentration can decline by as much as 50% subsequent to a major physiologic insult. 40 In an otherwise healthy person, a comparable drop in the serum concentration can result after only 3 to 5 days of a very low nutrient intake. 39 Consequently, a low prealbumin is not necessarily indicative of serious pathology and it cannot be used to gauge the extent of any potential nutritional deficit. For this reason, prealbumin is not a good indicator of nutritional risk. It is probably better suited to gauge the adequacy of nutrient intake during the resolution phase of an acute illness. In such a setting, when the prealbumin concentration is low, its failure to increase by at least 20 mg/L in 1 week is considered an indication of inadequate nutrient intake or ongoing inflammation and should prompt a careful assessment of the patient and the nutrient regimen being employed. 39 This study included only patients who were over the age of 64, had a nonterminal condition, and remained hospitalized for more than 2 days. This was done for a specific reason. The study was developed as part of a larger, proposed series of investigations designed to identify optimal use of nutritional interventions for managing older hospitalized patients who are undernourished at admission. Only subjects with an adequate length of exposure to be at risk for developing a complication (as per the definition of a complication) were included in the study. Limiting study inclusion to patients who remained hospitalized for more than 2 days placed the focus of the study on the more complex long-term-stay patients and excluded patients who were less likely to need or benefit from nutrition support, including those admitted for uncomplicated procedures or observation and those who responded quickly to initial non-nutritional interventions. Patients who were receiving palliation for metastatic cancer or other terminal conditions also were excluded because it was assumed that aggressive use of nutrition support in this population likely would be an unwarranted stressor.
Predefined criteria were utilized to define lifethreatening complications. We suspect that our definitions were highly specific but may have had only moderate sensitivity. This is suggested by the fact that one of the subjects who died did not meet another definition of a complication. We are particularly concerned that we may have missed some episodes of sepsis. During the study, several of the study subjects were treated with antibiotics on the basis of a clinical suspicion of sepsis. However, all diagnostic studies failed to identify a clear source of infection, and the subjects eventually improved. Not meeting our definition of the complication, these subjects were not listed as having sepsis. Since many older subjects do not present with classic signs or symptoms even when suffering from a potentially fatal condition, it is often not possible to make a definitive diagnosis. What impact this had on the study results is not clear.
This study demonstrates a complex interrelationship between nutritional status, disease, and outcomes among the hospitalized elderly. Failure to fully understand the complexity of this interrelationship has important clinical implications. Lacking proof of its efficacy to improve outcomes, many clinicians are reluctant to provide nutrition support to their elderly hospitalized patients even after potentially serious nutritional deficits have been identified. 10 Whether a more aggressive approach to evaluating and treating nutritional deficits in this population is warranted has yet to be established. In order to guarantee that elderly hospitalized patients receive optimal nutritional care, a greater understanding of these nutrition-related issues must be acquired.
